Biocompatibility of orthopaedic surgical implants with bone tissue allows adequate osseointegration between the bone and implant. To achieve this, implants are coated with biocompatible materials. The costly plasma spray procedure is routinely used to coat implants but uses high temperatures (over 16 000 ºC), which affect the surface quality and microstructure of the implant. We analysed the effect of sintering temperature, time and rate on coated and uncoated implants using a dipping method. The effectiveness of synthetic hydrated calcium silicate compound as an interlayer was also investigated, using the dipping method and electrophoretic deposition. Sintering temperature, time and rate all affected the quality of the bond with the coating, but the interlayer bonded effectively with both implant and biocompatible coating. Electrophoretic deposition resulted in imperfect bonding and some irregularity on the substrate surface was seen. This technique may be improved by using coating particles of a smaller size.
Introduction
Success in orthopaedic implant surgery depends, in part, on the quality of the material used to make the implant ( Electrophoretic deposition (EPD) may be a useful and economic method for depositing inorganic materials, such as HA and TCP, onto porous implant surfaces. EPD is achieved by movement of charged particles, in a carefully prepared aqueous suspension, towards an electrode under an applied electric field. 7, 8 The high temperature sintering requirements, contamination risk from the suspension and low adhesion strengths are the main problems associated with EPD. Careful suspension preparation and the introduction of an interlayer to facilitate stronger bonding to the substrate may, however, overcome these problems and allow more economical coating. 9, 10 Current techniques may not achieve the long-term fixation of the coating required. 11 To overcome this problem, and provide better osseointegration between the bone and implant, we tested an interlayer of synthetic hydrated calcium silicate compound (SHCSC). We also sought to determine the effect of sintering temperature, time and rate on the quality of the bond with the coating, and address the potential of EPD as an alternative coating method.
Materials and methods

MATERIALS AND DIPPING METHOD
The SHCSC was provided commercially (Promat Ltd, Tisselt, Belgium) and HA was produced in our laboratory using a Ca(OH) 2 /H 3 PO 4 -based wet method, then calcined at 950 o C for 4 h.
The coating powders (SHCSC and HA) were dissolved in ethanol using an ultrasonic homogenizer, and then titanium substrates were dipped into the gel: ethanol + methyl cellulose + SHCSC or HA. The coating specimens were withdrawn at a controlled rate, using a dip coater manufactured in our laboratory. Specimens were analysed by scanning electron microscopy (SEM; JEOL 6400, Tokyo, Japan) in the Engineering Faculty laboratory.
ASSESSMENT OF ELECTROPHORETIC DEPOSITION
A simple test rig was designed and manufactured to work using a 0 -500 V power supply and controlling apparatus. The substrate metal specimens were ultrasonically cleaned in acetone, immersed in 2% HF + 20% HNO 3 aqueous solution for 10 s, and rinsed in distilled water. Titanium alloy specimens were electrophoretically deposited with suspensions of HA or SHCSC in ethanol + hexadecyltrimethylammonium bromide (CTAB) using a distance of 15 mm between the stainless steel rod anode and the metal specimen (cathode). A DC potential of 50 -125 V was applied for 5 min giving a current of 18 -35 mA and raising the bath temperature from ambient to about 40 o C. After application the specimens were air dried. Double coatings were then sintered, at a rate of 5 o C/min, using a tubular vertical high temperature furnace (max. 1800 o C), at various temperatures between 900 -1200 o C for 1 h, to produce a strong bonded coating system between the implant and the SHCSC and HA layers. Specimens were analysed by scanning electron microscopy (SEM; JEOL 6400, Japan).
Results
The sintering temperature, time and rate had detrimental effects on the quality of the coating bond. Fig. 1 shows SEM analysis of the HA and SHCSC powders before sintering, and Fig. 2 shows the interconnection of the powders after sintering. SEM pictures of uncoated and coated (using the dipping method) specimens are shown in Figs 3 and 4 .
SEM analysis of the electrophoretically coated titanium alloy specimen is shown in Fig. 5 . The coating is not perfectly bonded and shows some irregularity on the substrate surface.
Use of an interlayer (SHCSC) provided better bonding of the biocompatible coating (HA) to the implant metal with the dipping method, compared with EPD.
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Discussion
Synthetic hydrated calcium silicate compound was chosen as the interlayer because its thermal co-efficiency is between that of titanium and HA. SHCSC also has a high degree of interconnectivity, due to the long, thin shape of the grains, enabling it to interconnect with HA and bond with the titanium implant.
The electrophoretic deposition technique used for coating the titanium alloy specimens is simple, adaptable, low cost and capable of coating a variety of shapes. Low bonding strength between the ceramic coating and metal substrates is a serious problem that can be overcome using an interlayer (SHCSC) to provide a good bond between the biocompatible coat and the implant metal. The technique was made more efficient by using a hydrophobic, polymeric material (CTAB) to charge the coating particles and increase conductivity and movement towards the substrate during electrophoresis. This polymeric material evaporated during the sintering process, leaving only HA + SHCSC particles deposited on the substrate. Imperfections in coating layer bonding and irregularities seen on the substrate surface are probably due to the large particle size of the HA and SHCSC powders used (45 -200 nm). Homogeneity and bonding strength of the coating are likely to be improved by using powders with smaller particle sizes.
Advantages of the electrophoresis and dipping methods over other expensive deposition techniques, such as magnetron, ion sputtering and plasma spray, are: better control of coating structure; low price; and processing temperatures that retain the microstructure of the substrate.
We have shown that titanium alloy specimens double coated by dipping and electrophoresis techniques had good interconnectivity between the substrates and coating system, as seen by SEM analysis. These results are promising and we suggest extending the experiments to test the effect of vacuum sintering and much finer powders.
This study aimed to determine the optimal process parameters for the dipping and electrophoresis methods (as an alternative to plasma spray), using SHCSC as an interlayer between HA and the implant metal. Powders with large particle sizes were used, but despite this, SEM analysis showed that good interconnectivity was achieved between the implant metal and SHCSC, and that the rough surface morphology of HA would be adequate for osseointegration with bone tissue.
